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Purpose: Study of 846 as anabolic marker and C2C as catabolic marker
of post-traumatic osteoarthritis (OA) in the rabbit model of anterior cruci-
ate ligament transection (ACLT).
Methods: Transection of the anterior cruciate ligament was performed
in adult male New Zealand white rabbits (n = 32). An open arthrotomy
surgery of only the right knees was used. Left knees remained untreated
and served as intraindividual control knees. At time 0 before surgery and
at 2, 4, 8 and 12 weeks before sacriﬁce, synovial ﬂuid was aspirated from
both, right and left knee joints. Use of all animals had been permitted
by both, the University’s ethics committee and the government ethics
committee (Regierungspra¨sidium Darmstadt, Germany).
Macroscopic grading was performed of all right and left knee joints. 9 ar-
eas per each medial and lateral tibia, respectively medial and lateral femur
and the patella were evaluated. Histologic grading was performed with
a grading system accounting for proteoglycan content, matrix structure,
cellularity, and osteophyte formation.
846 levels and C2C levels were measured in the synovial ﬂuid lavages
with immunoassays. The distributions of synovial ﬂuid levels of 846 and
C2C were statistically analysed (Kolmogorov-Smirnov-test). Differences
between left and right knees were then statistically analysed by student’s
t-test.
Results: All rabbits had a normal postoperative course after ACLT. At
2 weeks after ACLT, macroscopically visible lesions were only detected
at the medial femoral site (p< 0.05). With time, lesion size increased and
lesions appeared at more joint sites. At 12 weeks after ACLT, medial
and lateral tibiae as well as both femoral condyles showed statistically
signiﬁcant lesions. Histologic scores showed early OA after ACLT, when
compared with the unoperated contralateral side.
846 levels in the synovial ﬂuid lavages of the operated knee joints were
increased at all timepoints (p< 0.05) when compared to the non-operated
contralateral knees. The highest levels were measured from 2 to 8 weeks
with a decrease at 12 weeks.
The C2C levels at 4 and 8 weeks were higher than at 2 weeks after ACLT
(p< 0.05).
Conclusions: To our knowledge, this is the ﬁrst report of 846 and
C2C studied in the same rabbit synovial ﬂuid samples. Both markers
have been reported as potential markers of metabolic processes in
post-traumatic OA, probably reﬂecting degrading, respectively rebuilding
cartilage processes. Biologically, they might be markers of the ensuing
macroscopic and microscopic changes. While the reparative response, as
possibly indicated by 846, is not sufﬁcient to stop the destructive process
of OA, possibly indicated by C2C, the exact meaning of these marker
levels has to be characterised in more detail.
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Purpose: of 846 as anabolic marker and C2C as catabolic marker of
post-traumatic osteoarthritis (OA) in the rabbit model of complete medial
meniscectomy
Methods: Complete medial meniscectomy was performed in adult male
New Zealand white rabbits (n = 32). An open arthrotomy surgery of only
the right knees was used. Left knees remained untreated and served
as intraindividual control knees. At time 0 before surgery and at 2, 4, 8
and 12 weeks before sacriﬁce, synovial ﬂuid was aspirated from both,
right and left knee joints. Use of all animals had been permitted by both,
the University’s ethics committee and the government ethics committee
(Regierungspra¨sidium Darmstadt, Germany).
Macroscopic grading was performed of all right and left knee joints. 9 ar-
eas per each medial and lateral tibia, respectively medial and lateral femur
and the patella were evaluated. Histologic grading was performed with
a grading system accounting for proteoglycan content, matrix structure,
cellularity, and osteophyte formation.
846 levels and C2C levels were measured in the synovial ﬂuid lavages
with immunoassays. The distributions of synovial ﬂuid levels of 846 and
C2C were statistically analysed (Kolmogorov-Smirnov-test). Differences
between left and right knees were then statistically analysed by student’s
t-test.
Results: All rabbits had a normal postoperative course after the complete
medial meniscectomy. The macroscopically visible lesions were in the me-
dial knee joint compartment. With time, lesion size increased and lesions
became more severe. Histologic scores showed early OA advancing after
meniscectomy, when compared with the unoperated contralateral side.
846 levels in the synovial ﬂuid lavages of the operated knee joints were
only increased at 2 and 8 weeks when compared to the non-operated
contralateral knees (p< 0.05). This was true for intraindividual analysis.
The C2C levels were only increased on the right compared with the left
side at 4 weeks after surgery (p< 0.05).
Conclusions: Each particular model of posttraumatic or postsurgical OA
has to be studied in detail. The course of individual markers may be
different in each model due to particular disease process aspects not yet
sufﬁciently understood. Both markers, 846 and C2C might indicate the
anabolic, respectively catabolic biology of OA. While the catabolic process
wins macroscopically and microscopically, measurement of only these
two markers seems to indicate a clearly increased rate of repair after
complete medial meniscectomy of the rabbit. The destructive processes
are obviously not well detected by C2C measurements in synovial ﬂuid.
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Purpose: Aggrecan and type II collagen are two of the primary com-
ponents of the extracellular matrix of articular cartilage. The metabolism
of both is affected during joint injury. CTX II (crosslinked C-telopeptide
fragments of type II collagen) has proven to be a useful biomarker for
assessing severity and progression of cartilage degradation in humans.
An assay has recently been developed to examine aggrecan turnover
(intact aggrecan as well as G1 and/or G2 containing fragments) that
occurs following injury to cartilage. Comparison of synovial ﬂuid (SF)
concentrations of these 2 biomarkers may provide information about the
relative response of aggrecan and type II collagen during joint injury.
The objectives of the current study were to evaluate the effects of
osteochondral (OC) injury on concentrations of aggrecan and CTX II
fragments in SF of horses and to compare these results with radiographic
and arthroscopic scores of severity of joint injury.
Methods: SF was taken from 2 groups of Thoroughbred racehorses:
(1) rested horses (n = 40) and (2) OC injured horses: racehorses that
had arthroscopic surgery for removal of OC fragments resulting from
racing injury (n = 44). From group 1 horses, SF was obtained from 20
metacarpophalangeal joints (MCP), 10 middle carpal joints (MCJ), and
10 radiocarpal joints (RCJ) (n = 40). SF samples from group 2 horses
were from 16 MCP, 6 metatarsophalangeal joints (MTP), 12 MCJ, and
10 RCJ (n = 44). For group 2, radiographic and arthroscopic scores were
determined. SF CTX II concentrations were measured by an ELISA (Pre-
Clinical CartiLaps®; IDS Nordic A/S) previously validated for use in equine
SF. SF aggrecan turnover was measured by ELISA (Total Aggrecan
for Culture; IDS Nordic A/S). Differences between groups in aggrecan
and CTX II concentrations as well as the ratio (aggrecan:CTX II) were
determined using an unpaired t-test for the metacarpo/metarsophalangeal
(MP) and carpal joints. Spearman correlations were performed between
biomarkers and joint severity (radiographic and arthroscopic scoring).
P< 0.05 was considered signiﬁcant.
Results: SF concentrations of aggrecan were not signiﬁcantly different
between normal and OC injured MP joints, but OC injured carpi had sig-
niﬁcantly higher aggrecan turnover than normal carpi (P< 0.01; Fig 1A).
CTX II concentrations were signiﬁcantly elevated in SF from all joints of
horses with OC injury compared to normal (P< 0.0001; Fig 1B). Aggrecan
to CTX II ratios were signiﬁcantly lower in the OC injured MP joints
(P< 0.0001) and carpal joints (P< 0.05) compared to their respective nor-
mal joints (Fig 1C). Aggrecan turnover from the OC injured MP joints was
signiﬁcantly correlated to the arthroscopic (R=0.560) and radiographic
(R=0.548) scores. No signiﬁcant correlation was identiﬁed between the
OC injured carpal joints and the arthroscopic and radiographic scores.
Conclusions: Using the ratio of SF aggrecan (G1/G2) to CTX II identiﬁed
greater aggrecan turnover relative to collagen degradation in normal
joints. However, after OC injury, the ratio decreased due to the increased
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collagen degradation. These results strongly support the use of both
assays as discriminating biomarkers for the diagnosis and severity of
OC injury in equine joints.
Fig. 1. Scatter plots of synovial ﬂuid aggrecan turnover (A), CTX II con-
centrations (B) and aggrecan:CTX II ratio (C) in normal and osteochondral
(OC) injured metacarpo/metatarsophalangeal (MP) (triangles) and carpal
joints (circles). The short horizontal solid lines represent the mean value
for each group. *P< 0.05, ** P< 0.01, ***P< 0.0001.
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Purpose: High mobility group box chromosomal protein 1 (HMGB1) is
a nuclear protein that functions both as a regulator of gene transcription
and as a proinﬂammatory cytokine. HMGB1 mediates many inﬂammatory
diseases, including many forms of arthritis. The purposes of this study
were to investigate the effects of osteochondral (OC) injury on HMGB1
concentrations in synovial ﬂuid (SF) from Thoroughbred (TB) racehorses.
Methods: SF was taken from 2 groups of TB racehorses: (1) rested
horses (n = 40) and (2) OC injured horses: racehorses that had arthro-
scopic surgery for removal of OC fragments resulting from racing injury
(n = 44). From group 1 horses, SF was obtained from 20 metacarpopha-
langeal joints (MCP), 10 middle carpal joints (MCJ), and 10 radiocarpal
joints (RCJ) (n = 40). SF samples from group 2 horses were from 16 MCP,
6 metatarsophalangeal joints (MTP), 12 MCJ, and 10 RCJ (n = 44). SF
samples were assayed using a commercially available ELISA (HMGB1,
Shino-Test Corp.). Differences between groups were determined by an
unpaired t-test for the metacarpo/metarsophalangeal (MP) and carpal
joints. Positive and negative predictive value of SF HMGB1 for identifying
OC injury was determined by Fisher’s exact test. P< 0.05 was considered
signiﬁcant.
Results: SF HMGB1 concentrations in OC injured MP and carpal joints
were signiﬁcantly higher than in normal joints (P< 0.0001; Figure 1).
SF HMGB1 concentrations 11 ng/mL for MP joints and  10 ng/mL
for carpal joints were arbitrarily chosen to determine predictive value
for discriminating OC injured horses from normal horses. This yielded
a positive predictive value of 89% and a negative predictive value of 68%
for MP joints, and positive predictive value of 90% and negative predictive
value of 81% for the carpus.
Conclusions: OC injury caused a signiﬁcant increase in SF HMGB1
concentrations in MP and carpal joints compared to normal joints. The
assay yielded good positive and negative predictive values. Based on
these ﬁndings, SF HMGB1 analysis may be useful for evaluation of joint
injury.
Figure 1 Scatter plot of SF HMGB1 concentrations for MP and carpal
joints in normal and OC injured TB racehorses. The short horizontal
solid lines represent the mean value for each group. The horizontal
dashed lines represent SF concentrations (11 ng/mL for MP joints and
10 pmol/mL for carpal joints) for which there is predictive value in
discriminating OC injured horses from normal horses. ***P< 0.0001.
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Purpose: Type II collagen is a major component of articular cartilage
and is highly speciﬁc for this tissue. CP II (cleaved C-propeptide of type II
collagen) has been directly correlated with type II collagen synthesis. CTX
II (crosslinked C-telopeptide fragments of type II collagen) has been used
to assess collagen degradation. The objectives of the current study were
to evaluate the effects of osteochondral (OC) injury on type II collagen
synthesis (CP II), degradation (CTX II), and the ratio of synthesis to
degradation (CP II:CTX II) in synovial ﬂuid (SF) of horses.
Methods: SF was taken from the metacarpo-/metatarsophalangeal or
carpal joints of 2 groups of Thoroughbred racehorses: (1) normal rested
horses, (2) OC injured horses: racehorses that had arthroscopic surgery
for removal of OC fragments resulting from racing injury. From group 1
horses, SF was obtained from 12 metacarpophalangeal joints (MCP), 10
middle carpal joints (MCJ), and 10 radiocarpal joints (RCJ) (n = 32). SF
samples from group 2 horses were from 16 MCP, 5 metatarsophalangeal
